ABSTRACT
The average age of leaves being consumed by cabbage looper is estimated. A sampling plan for cabbage looper eggs based on mainstem leaves for estimating the optimal sample size for a iven level of reliability is presented, taking into account plant age, time. Mainstem leaves receive t i e largest percentage of eggs. Increased plant density plant density, an cf sampling cost (time).
Several studies have been conducted on the within-plant distribution of pests and natural enemies commonly found in cotton (Beeden 1974 , Fye 1972 , Wilson and Gutierrez 1980a , Wilson et al. 1980 . Plant density and time of season are two key factors which not only determine the state of plant growth (Gutierrez et al. 1975 ), but have also been shown to influence the feeding pattern and withinplant distribution of the bollworm, Heliothis zea (Boddie) Gutierrez 1980a, Wilson et al. 1980) , and several cotton predators (Wilson and Gutierrez 1980b) .
In this paper we (1) estimate the within-plant distribution of cabbage looper (CL), Trichoplusia ni (Hubner), as affected by plant age and plant density, and (2) develop from these data a sampling plan to estimate population densities and the ages of plant parts they attack.
Materials and Methods
Data on the within-plant distribution of CL eggs and larvae were collected at three densities (2.2.4.4, and 13.8 plants per meter-row [m-row] ) during the 1973 summer at Corcoran, Calif. (Gutierrez et ai. 1975) . On each sampling date (twice weekly), four plants from each treatment were pulled from the field and taken to the laboratory, where the position of the eggs by mainstem and lateral branch nodes was recorded by using unaided, visual examination, with the cotyledon node being position zero. Additional distribution data were gathered at three locations (one at Shafter and two at Bakersfield, Calif.) during 1974. Two of the data sets consisted of 6 1-m row samples six times through the season, whereas the third was from 24 1-m row samples six times through the season Gutierrez 1980a, Wilson et al. 1980) . The m-row sampling consisted of examining the total surface area of 1 m of plants, again recording the position of eggs. During I Lepidoptera: Noctuidae the 1974 season, data on the distribution of CL on plant parts (leaves, stems, and fruit) were also collected. The cultivar Acala SJ-2 was grown with no insecticides applied at each location during both years of the experiment. Figure 1 shows a plot of mainstem node (MSN) locations of each egg found during the 1973 season on a physiological time scale (Le., day degrees [Do] >12"C) for each of the three densities (Gutierrez et al. 1975) . The average number of MSN per plant ( n = 4) for each sample date is shown as the heavy solid line, whereas individual eggs are depicted as dots. Eggs deposited on the treatment in which there were 13.8 plants per row-m have a much narrower MSN distribution (Fig. 1A) . But recording the eggs merely by MSN tells one very little, because monopodial branches which originate low on the plant often reach the upper part of the crop canopy and receive CL eggs in that stratum. Distinguishing between eggs on MSN leaves and sympodial branches and total eggs, the stratification of eggs toward the terminal becomes more apparent. The two lines are much closer in the higher plant density which has few monopodial branches.
Results

CL Distribution
The clumped appearance of the data ( Fig. 1 ) with respect to time reflects the peak oviposition by second through fourth CL generations. These phenology data were an added bonus of the within-plant distribution studies. Table 1 presents the regression of the average location of eggs on MSN l e s ( M S N L ) against the average number of MSN (MSN) for each plant density (p). The negative intercepts imply that moths will not oviposit on young plants, and although this is at odds with our observations, the relationships in Table 1 This article is the copyright property of the Entomological Society of America and may not be used for any commercial or other private purpose without specific written permission of the Entomological Society of America. Equation 2 demonstrates the presence of a strong relationship between the fraction of eggs on MSN leaves (MSNL) and plant density.
where p = the proportion of eggs on leaves which are on MSNL, and p = plant population density (per m-row). The data for this equation were gathered during two seasons (1973) (1974) at a total of four locations by two different research groups, which adds support to the generality of this relationship. 
C L Location-Age of Leaves
The large majority of CL eggs and larvae are located on the bottom surface of leaves. Althouph the vertical distribution coefficient (1 -MSNL/MSN) is only slightly less than 0.5, implying that the eggs are located in the center MSN of the plant (Table  2) , internode length is minimal for the upper terminal nodes, resulting in most eggs being located very close to the terminal. Because the photosynthetic production (value) of leaves changes with age (see Gutierrez et al. 1975) , the age of leaves eaten by CL larvae affects the damage rate to the plant. Figure 1 suggests that CL prefer a definite stratum of the plant, but because leaves are produced at a slower rate later in the season due to the carbohydrate stress (Gutierrez et al. 1975) , older leaves are eaten later in the season. Gutierrez et al. (1975) estimated that CL larvae feed upon leaves of age 467 to 833 Do. Our data are limited but indicate that the CL larvae are located on a slightly younger age window of leaves (Table 3) .
C L Sampling
The data suggest that a sampling scheme could be derived for CL eggs. There are two parts to this problem: (1) to determine the sample unit (part of the plant sampled), and (2) to optimize sampling efficiency we should be able to minimize the relative cost (sample time) for a given level of reliability. Equation 2 can be used to provide an estimate of the proportion of CL eggs on MSNL. Sampling the bottom surface of all MSNL, equation 3 can be used to estimate whole-plant CL egg densities (E).
(3) E = E.p.P-1.7-1.n -1 where E, is the number of CL eggs sampled, p is plants per m-row, p is the proportion of eggs on MSNL, y = the proportion of eggs on the bottom surface of MSNL (0.94 [ Table 2 ]), and n, is the number of plants sampled. When sampling only from the terminal to MSNL (50% of MSNL eggs; equation
The choice of sampling all MSNL (equation 3) or only those in the terminal (equation 4) will be determined by the cost-reliability relationship of each.
Sampling Cost
Time estimates for sampling a variable proportion of the plant are limited. Wilson et al. (1980) found that sampling all MSNL requires ca. 14% of the time required to sample the whole plant. Sampling the bottom surface of MSNL requires 7% of the wholeplant time. Sampling the bottom surface of the upper MSNL to account for 50% of eggs on MSNL only takes ca. 1.5% of the whole-plant time. and less than half the time required for sampling all MSNL because of smaller and easier to reach leaves in the terminal. " A vdue of zero would imply that all the larvae are found on the terminal; a 0.5 value would imply that they are found on the middle nodes.
The time required to sample a unit is only a component of cost. Consideration must also be given to the time required to walk from successive sites in a field. Although it may take seconds to search a whole plant early in the season, by peak squaring a thorough examination may take in excess of 7 min. Walking time from site to site only increases slightly as the plants increase in size, taking on average ca. 0.5 min. CL do not normally occur early in the season, so for comparison 7.0 min for sampling a whole plant and 0.5 min for walking time per plant sampled are used. When the walking time is scaled from the 7.0 min for sampling a whole plant, its value becomes 7%.
Sample Size
Equation 5, based on Karandinos (1976) , can be used to estimate the sample size required to estimate the population density with a defined level of reliability.
where 7 = (Z,,,/D)2 and Zui2 is the standard variate. Half the confidence interval length is equal to a proportion (D) of the mean (x). The variance (s2) can be estimated from a mean-variance relationship developed by Taylor (1960 Taylor ( , 1965 Taylor ( , 1971 .
where the constants a and b are 1.498 and 1.212, respectively (r2 = 0.94, n = 11) and were derived from the CL data.
The ratio of the number of samples required to obtain population density estimates with equal reliability for a whole-plant ( n ) versus a subsampling method (i.e., terminal, n,) is where x, is the subsample mean which equals x.P. and P is the proportion of the CL eggs sampled on a per-plant basis. The ratio simplifies to Figure 2 presents estimates of relative sample size and cost for the three sampling methods (whole plant, terminal MSNL, and MSNL) at different plant densities. Actual error rates (a) are not needed when discussing relative values, since the ratios of the standard normal variates rapidly approach one as Plant density/meter -row
2.-Estimates of relative A) sample size (n/n,) with equal levels of reliability, and B) cost (ck,) with equal comlevels of reliability for a total-MSNL sampling plan (c5.--) and a terminal-MSNL sampling plan (cd, -----) pared with a whole-plant sampling plan (c).
sample size increases (n and n, > 15). As expected, the whole-plant sampling method requires the fewest samples, and the terminal-MSNL sampling plan requires the most samples. When considering cost, however, sampling all MSNL is the most efficient, but only marginally better than the terminal-MSNL method. At 10 plants per m-row, a stand density common for the San Joaquin Valley, whole-plant sampling costs about four times as much for an equal level of reliability as did both MSNL methods. Interestingly, walking time was responsible for the terminal method not being more efficient than the total-MSNL sampling method.
Discussion
The location of C L eggs was further from the terminal than observed for bollworm (Wilson et al. 1980 ) but was not outside of the range observed for spider mites (Carey 1980 ) and several cotton preators (Wilson and Gutierrez 1980a) . Leaf feeders such as CL are generally found further from the plant terminal than fruit feeders and predators.
The sampling plan presented for CL eggs lets an estimate be made of both an optimal sample unit and of the number of samples for a given level of reliability. Although the results imply that a sampling program based on sampling all MSNL would be best suited for CL eggs, consideration should be given to the distribution of other species. Bollworm eggs, for example, are located on MSNL to an even greater degree than are CL eggs, and closer to the terminal (Wilson et al. 1980) ; however, the larvae I are found predominantly on fruiting structures. A multispecies sampling program must take into account the within-plant distribution differences of the species sampled to obtain accurate and reliable estimates of population densities. At best, such a program will be a compromise, with the less important species sampled with less reliability for a given density unless their distribution coincides with that of a key species.
The equations presented in this paper are suited for use with other cotton insects with appropriate distribution constants and are now being used in the development of key sampling plans for the bollworm (eggs and larvae), the adults and immatures of several predators, and spider mites.
